Abstract -Photophysical and thermodynamic properties of adamantylideneadamantane 1 ,2-dioxetane (1) and some functionalized derivatives, useful as thermochemiluminescent labels, are summarized. The emission of light from these compounds is stimulated simply by thermal activation. The low fluorescence efficiency of S1-adamantanone, the emitting poduct, causes the chemiluminescence efficiency to be moderate CL = 10 ). The quantum efficiency of chemiluminescence can be Increased effectively through radiationless energy transfer o a fluorescent acceptor. The donor acceptor pair 1 and 9,10-diphenylanthracene (DPA) is investigated in terms of Frster's theory. Proteins, labeled with derivatives of both 1 and DPA show increased thermochemiluminescent specific activity, in accord with this theory. Upon complexatlon with cyclodextrins, the evaporation of 1 and its derivatives at 21400C is inhibited. These complexes show a perfect dose-response linearity over a large range of concentration. Complexation also increases the reproducibility of chemiluminescence detection. Association constants for 1 and a derivative with both -and 1-cyclodextrin are presented.
INTRODUCTION
1,2-Dioxetanes decompose thermally into two carbonyl compounds, of which one can be formed in the first singlet (S1) or triplet (T1) excited state (Fig. 1) . The yield of T1 carbonyls from 1 ,2-dioxetane decomposition can reach values as high as 50% (e.g. from tetramethyl-1 ,2-dioxetane, TMD), whereas singlet quantum yields vary from 10 to 0.25. Furthermore, because most ketones, esters, and aldehydes, all being products of the majority of the 1 ,2-dioxetanes, have low fluorescence efficiencies, the direct chemiluminescence from 1,2-dioxetanes is generally very weak compared to compounds such as luminol, i.e., the chemiluminescence efficiency CL =1o8 - A series of review articles on this subject has appeared during the last decade (ref. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
The thermal decomposition of 1 ,2-dioxetanes is a first order process. The . S1(D)
The total spin of the system is maintained in a and e, making these fast processes. The processes a and are more efficient than C because the acceptor spin is conserved. Two 
r +R where R0 = (J*K2*(D)*n_11)h/6*9.7*1O3 A (3) wherein r = distance between donor and acceptor; K = orientation factor for dipole-dipole interaction; J = spectral overlap integral; n = refractive index of the medium between donor Subsequently such TCL-BSA was labeled with SCP-DPA in a series of molar ratios (added amounts of SCP-DPA from 5:1 to 300:1) to yield dual conjugates with varying numbers of incorporated SCP-DPA residues (Fig. 10) . The brightly blue fluorescent products were purified (dialysis against 20% dioxane/borate pH 9) and the number of DPA residues incorporated was determined spectroscopically. A maximal amplification of TCL by SCP-DPA residues of a factor 140 was observed. In previous experiments, performed in our laboratory, it was found that DPA itself also amplifies the TCL of ! (in dodecane) maximally with a factor -140. Thus SCP-DPA behaves as powerfullya,s DRA itself as an amplifier of TCL.
The fact that in practice a maximum of 140x is found instead of the theoretical 192x can be explained by (1) reduced of DPA at 230° and (2) Notwithstanding the relatively high uncertainty in both the above-mentioned calculation and the extremely simplified theoretical model, we conclude that the observed ET of S1-adamantanone originating from 1,2-dioxetanes, to DPA residues on a protein at -21400C (!) is in agreement with the values predicted by Forster's theory.
BSA, labeled with a large number of residues of both 14 or 5 and 6 is still soluble in most aqueous buffer solutions. In lyophilized form it can be kept for years without decomposition.
On A1203 TLC material it emits -6.1022 photons/mole, i.e. 4CL = 10% at the maximum. moles /sample First, K(1-CD/5) was determined using the fact that free 5 (in acid form) sublimes readily and hence the detected TCLthereof is of very low intensity compared to that of the complexed form.
Thus solutions of 5 in EtOH, 1-CD in distilled water, and 100 mM borate buffer pH 8.5 were -14 -6 mixed to obtain solutions with [5] ranging from 14*10 M to 14*10 M and [1-CD] ranging from 2.7*10 N to 2.7*10 M. From these mixed solutions, 3 il aliquots were taken and measured for TCL activity on Kapton 500H as the carrier material (TCL+ICD). TCL of solutions of 5 without 1-CD added were measured and these values were subtracted to yield TCL values of the complex, TCLC. Now using the formula (1): (1) in which f = TCLc Investigations on the precise conformation of these complexes are under way in our laboratory.
